Each year 280 000 North Americans sustain a fracture of the hip. 1, 2 This figure is likely to exceed 500 000 in the United States and 4.5 million worldwide over the next 30 to 50 years. [2] [3] [4] Approximately half of these will be intracapsular fractures of the neck of the femur. 4 The most commonly used devices for fixation of intracapsular fractures of the hip are multiple parallel screws or a sliding hip screw. [5] [6] [7] [8] [9] [10] [11] [12] They both let the fracture fragments slide along the implant, compressing the fracture when subjected to an axial load during weight-bearing. The rationale behind this concept is the promotion of fracture healing by compression of the fragments. However, these methods of fixation may lead to shortening of the femoral neck, thereby changing the moment arm for the abductor muscles of the hip and the overall mechanics. Shortening of the abductor moment arm has been described as having a negative effect on abductor function in patients who have undergone a total hip replacement. [13] [14] [15] [16] However, this has attracted little attention in the literature of orthopaedic trauma.
We recently surveyed 160 orthopaedic surgeons, 82% of whom believe that shortening of the femoral neck is common after internal fixation of intracapsular fractures of the hip with multiple parallel screws. In addition, 70% believe that this limits the patient's mobility and gait. 17 In a limited retrospective clinical pilot study of 56 patients treated with three cancellous screws we found that shortening occurred in 30% of displaced and undisplaced fractures. 18 Despite having found significantly higher physical functioning short form questionnaire (SF-36) subscores in patients with no shortening of the femoral neck, the study remained inconclusive due to the very low sample size (n = 13 for SF-36 data) and subsequently low event rate. In the literature, studies with low event rates have been reported to be at risk for producing exaggerated treatment effects. 19 The purpose of this study was first, to assess the incidence of shortening of the femoral neck and varus collapse in ambulatory patients after internal fixation of isolated fractures of the neck of the femur with multiple cancellous screws, and secondly, to determine its impact on function using multiple validated functional outcome and radiological measures in a larger cohort of patients. We hypothesised that 1) shortening and varus collapse of the neck are common after hip fracture, and 2) that shortening and varus collapse have an adverse effect on patients' physical function despite successful healing of the fracture.
Patients and Methods
We conducted an observational cohort study of patients presenting to four university medical centres in Europe (Aarhus University, Denmark), Canada (McMaster University, Ontario) and the United States (University of Minnesota, Minnesota and University of Mississippi, Mississippi) with a successfully healed intracapsular fracture of the hip after internal fixation with cancellous screws. Eligibility criteria and identification of eligible patients. Patients eligible for the study included those who were skeletally mature and had an isolated intracapsular fracture of the hip which had united after treatment with multiple cancellous screws. Patients were excluded if 1) other fractures were present, 2) their fracture had not been treated with multiple cancellous screws, 3) the fracture was pathological and associated with a tumour, 4) treatment had resulted in nonunion, 5) osteonecrosis of the femoral head had occurred, 6) there was further surgery of the affected hip for any reason other than for removal of the hardware, 7) they were mentally impaired, 8) they were not able to walk before sustaining the fracture, 9) their radiographs were incomplete, 10) there had been previous surgery to the affected hip, and 11) there had been previous surgery to the opposite hip, as this was needed for comparison. Each of the four centres conducted a search of their database for intracapsular fractures of the hip, and the eligibility criteria were applied to those patients. Baseline parameter. We recorded the following details for each patient: age, gender, fracture type (displaced/ undisplaced), quality of reduction, number of screws used, the use of washers, the screw configuration (triangle, inverted triangle, vertical, diamond) and duration of follow-up. We measured the alignment of the fracture using Garden's index. 20 Those reductions which met Garden's criteria (160°t o 180° in anteroposterior and lateral plane) were deemed acceptable and those that did not were deemed unacceptable. Patients were asked whether they walked with a limp, used a walking aid or had pain before they sustained the intracapsular fracture of the hip. Outcome measures. The primary outcome measure of this study was the SF-36 physical functioning subscore. [21] [22] [23] Secondary outcome measures of physical function were the SF-36 role physical subscore, the SF-36 physical component summary measure and the EuroQol questionnaire (EQ-5D) index score. [21] [22] [23] [24] [25] [26] [27] [28] [29] Other secondary outcome measures included the remaining SF-36 subscores (bodily pain, general health, vitality, social functioning, role emotional, mental health, mental component summary measure) and self-reported health status on a visual analogue scale which is part of the EQ-5D. Both scores are well validated and widely used. [21] [22] [23] [24] [25] [26] [27] [28] Qualitative assessment of shortening and varus collapse. In each case, all radiographs were independently assessed by three orthopaedic surgeons (OB, JS, MB) who were blinded to the functional outcome. We stratified the degree of shortening and varus collapse into three categories: none/mild (within 5 mm/5°), moderate (5 mm to 10 mm/5° to 10°) and severe (> 10 mm/> 10°) (Figs 1 and 2 ). Shortening and varus malalignment were measured on all post-operative radiographs by comparison with the other hip. Disagreements were resolved by consensus. Inter-observer reliability was determined by calculating the intra-class correlation coefficient using SPSS (SPSS Inc., Chicago, Illinois). Quantitative assessment of femoral neck shortening. Shortening of the femoral neck was also assessed quantitatively in two planes: horizontal, measuring shortening of the abductor moment arm, also known as 'offset' in the context of hip arthroplasty, and vertical indicating reduction in femoral length. The most recent anteroposterior (AP) radiograph of the fractured hip was compared to the uninjured side on AP radiographs taken at the time of the injury. Both radiographs were scanned and graphic software (Macromedia Fireworks, Macromedia Inc., San Francisco, California) was used to compare the two by overlapping and outlining them (Fig. 3) .
Radiological assessment of shortening was completed by an independent reviewer (MZ) before the assessment of functional outcome so as to prevent measurement bias. Details of the measurement technique have been previously described in a pilot study, 18 which showed a substantial intra-observer agreement of measurements of radiographic shortening (intra-class correlation = 0.82; 95% confidence interval (CI) 0.51 to 0.95). We also measured the extent of any screw backout. Assessment of functional outcome. We contacted all patients by telephone and assessed their functional outcome using the SF-36 and the EQ-5D questionnaires. Interviewers were blinded to the results of the radiological analysis.
We also asked each patient nine questions about their preoperative condition and their functional outcome: the presence or absence of a limp, the use of walking aids and the degree of pain before fracture and currently. They were also asked whether they were satisfied with their hip surgery, whether there were any complications, and if they had needed a revision surgery. Sample size calculation. We based the sample size on our primary outcome, the SF-36 physical functioning subscore. A pilot study of 13 patients generated a 41-point difference in the SF-36 physical functioning subscores between intracapsular fractures of the hip which had healed in a shortened position (≥ 5 mm) and those with no or minimal shortening (< 5 mm). 18 Studies with low event rates have been reported to be at risk of producing exaggerated treatment effects. 19 Consequently, we believed that the magnitude of the observed treatment effect was likely to be grossly exaggerated owing to the small sample size, and therefore chose a more conservative difference of 20 points as the basis for our calculation of sample size.
Assuming a reported mean SD of 23 points in the SF-36 physical functioning subscore 22 and a standard α-error of 0.05 (p-value) we calculated that we would need 21 patients in each group, shortened versus not shortened, to be able to detect a difference of 20 points with 80% power between groups. On the basis of our pilot study we assumed the incidence of shortening to be 30%, which meant that we needed a total of 70 patients in the study to generate the required number with shortening of the femoral neck. Data analysis. Data were analysed descriptively by using proportions and frequencies for categorical variables, and means, SDs and ranges for continuous variables. We used SPSS software (SPSS Inc.) throughout.
We compared cases with no shortening (< 5 mm) with cases with shortening (≥ 5 mm) using Student's t-test. We also conducted an analysis of variance (ANOVA) with leastsquared differences adjustment for multiple testing to compare continuous outcomes (SF-36 and EQ-5D scores and radiographic shortening) between patients with the three defined degrees of shortening of the femoral neck. We adjusted for multiple comparisons to guard against the increased risk of false-positive results associated with these. We analysed the varus collapse data in the same way. Differences in dichotomous outcomes between groups were analysed using a chi-squared test for trends. All statistical tests were two-tailed.
Lastly, we performed a multivariate linear regression analysis to evaluate the impact and the interaction of the degree of shortening of the femoral neck, the degree of Radiograph showing femoral neck shortening measurements in the horizontal (abductor moment arm shortening/offset) and vertical planes (femoral length reduction). The contralateral uninjured proximal femur is outlined. Subsequently the outline is overlapped with the injured side and horizontal (indicated by arrow 1) and vertical (indicated by arrow 2) shortening is measured, taking into account the known width of the screws.
varus collapse, the amount of screw back out, the type of fracture, the age of the patient and the duration of followup on the physical functioning SF-36 subscore. Pearsons's correlation coefficient was calculated to determine the association between shortening of the femoral neck and varus collapse. A p-value of < 0.05 was considered statistically significant.
Results
We identified 127 patients suitable for inclusion (Fig. 4) . A total of 70 were successfully contacted and consented to take part in the study. The cohort included the 13 patients from the initial pilot study. 18 The SF-36 and radiological data were collected for each patient and EQ-5D data were obtained from 59 patients. The mean follow-up was for 20 months (5 to 105). Study population/technical aspects of surgery. There were 52 women (74%) and 18 men (26%) with a mean age of 71 years (20 to 90), of whom 45 (64%) had sustained an undisplaced intracapsular fracture. All but one fracture was fixed with three screws: one was fixed with four. In 41 (59%) an inverted triangle screw configuration was chosen, in 22 (31%) a triangle with the apex on top and in six (9%) a vertical screw configuration. A diamond shape configuration was chosen for one patient. Washers were used in ten patients (14%). The quality of reduction was acceptable in all but one case according to Garden's alignment index. 20 
Radiological assessment of shortening and varus collapse of the femoral neck
Intra-operative shortening and varus malalignment. There was no/mild shortening and no/mild varus malalignment in 64 of 70 cases (91%) when comparing the immediate postoperative radiographs to the intact contralateral side. Despite the acceptable quality of reduction by Garden's alignment index in all but one case, when our more critical assessment of shortening and varus malalignment was applied, six cases (9%) were found to have been fixed with shortening of 5 mm or more and/or 5° or more of varus malalignment. Shortening was no/mild (< 5 mm) in 24 cases (34%), moderate (5 mm to 10 mm) in 25 (36%) and severe (> 10 mm) in 21 (30%) (intra-class correlation coefficient 0.70: 95% CI 0.56 to 0.80; p < 0.001) ( Table I ). The mean length of the abductor moment arm decreased by 7 mm (0 to 23) and the mean femoral length by 9 mm (0 to 34). The mean screw backout was 9 mm (0 to 27). The differences between the three groups (none/mild, moderate, severe shortening) were highly significant for all three measurements, the highest values occurring in the severe shortening group (p < 0.001) (Table II) .
Varus collapse was moderate (5° to 10°) in 7 of 70 cases (10%) and severe (> 10°) in 20 of 70 cases (29%) ( Table III) . Varus collapse correlated moderately with shortening of the femoral neck (Pearson's correlation coefficient 0.66; p < 0.001). In one case varus collapse occurred without shortening, whereas in 20 of 70 cases (29%) shortening occurred without varus collapse (intra-class correlation coefficient 0.77: 95% CI 0.68 to 0.85; p < 0.001).
Functional outcome
Primary outcome: SF-36 physical functioning score. Shortening of the femoral neck: there were statistically significant differences between patients with no/mild shortening (< 5 mm) and patients with moderate or severe shortening (≥ 5 mm; 74 points vs 48 points, effect size 1.1, p < 0.001). We also found statistically significant differences in SF-36 physical functioning scores related to the degree of shortening (p < 0.001). Patients with no/mild shortening scored a mean of 74 points (95% CI 63 to 84), compared to those with moderate shortening with 53 points (95% CI 43 to 64) Flowchart showing patient selection and exclusion criteria. *Other exclusion criteria were one or more of the following: osteonecrosis of the femoral head, no contact information on file, patient not skeletally mature, patient non-ambulatory, severe hearing disability, treatment other than cannulated screws, nonunion, pathological fracture and/or contralateral fixation/arthroplasty. and patients with severe shortening with 42 points (95% CI 29 to 54) (Fig. 5) .
Varus collapse point estimates suggested that varus collapse has a negative effect on the SF-36 physical functioning score, but the differences were not statistically significant either when comparing patients with < 5° and ≥ 5° (60 vs 52 points, p = 0.33), or between the three groups with < 5°, 5°to 10° and > 10° of varus collapse (p = 0.29). Patients with no/mild varus collapse scored a mean 60 points (95% CI 51 to 69) compared to those with moderate varus collapse with 56 points (95% CI 35 to 78) and patients with severe varus collapse with 51 points (95% CI 37 to 64). Secondary outcomes. Differences in the EQ-5D index score were also statistically significant between patients with no/ mild, moderate and severe shortening of the femoral neck (0.83 vs 0.81 vs 0.68 points, p = 0.05 for overall ANOVA three-group comparison, p = 0.02 for no/mild vs severe and p = 0.05 for moderate vs severe shortening).
When comparing patients with no/mild (< 5 mm) femoral neck shortening to those with moderate or severe shortening (≥ 5 mm), there were significantly lower scores for patients with shortened fractures ≥ 5 mm in the SF-36 physical component summary scale (40 vs 46 points; p = 0.02) and SF-36 vitality scale (52 vs 64 points; p = 0.035), which indicated increasing impairment of function with a greater degree of shortening. There were also statistically insignificant trends towards lower scores for patients with moderate or severe shortening for the following SF-36 domains: role physical (69 vs 84 points; p = 0.13), role emotional (79 vs 92 points; p = 0.16), and bodily pain (54 vs 60 points; p = 0.45) (Table IV) .
There were no statistically significant differences for any SF-36 sub-or summary scores or EQ-5D outcome measures between patients with no/mild, moderate and severe varus collapse. Functional outcome and pain compared to before fracture. A comparison of the proportions of patients walking with a limp and using walking aids before they sustained a fracture of the femoral neck showed no differences between the subgroups with no/mild, moderate and severe shortening (p = 0.83) as well as varus collapse (p = 0.44), indicating a similar baseline functional status (Tables V and VI) . When comparing the degree of shortening at the final follow-up, the differences in the proportions of patients who walked with a limp and those using a walking aid were highly significant statistically; a greater degree of shortening resulted in more patients who walked with a limp and used a walking aid (both p < 0.01) (Table V) . Similarly, more patients with varus collapse, needed to use a walking aid (p < 0.01) (Table VI) . (20) satisfied, one (1%) a little satisfied and six (9%) were not at all satisfied. One patient developed a trochanteric bursitis. No patient underwent any revision procedure, except for one who needed their metalwork removed.
Discussion
Despite its importance in the literature of total hip replacement, the adverse effects of shortening of the femoral neck have largely been overlooked by orthopaedic trauma surgeons. This study has shown that shortening of > 5 mm occurs in two-thirds of intracapsular fractures of the hip fixed with multiple cancellous screws and shortening has a significant impact on physical function. The incidence of limping and the need for a walking aid significantly increased as the femoral neck shortened. Similarly, the mean SF-36 physical functioning scores decreased significantly from 74 to 53 to 42 points, suggesting a gradient effect. The observed differences in SF-36 physical functioning scores and the SF-36 physical component summary measure represent more than one SD and are widely regarded as clinically important (SD for SF-36 physical functioning = 23 points; SD for SF-36 physical component summary = 10 points). 30 ,31 Using Cohen's concept 30 of effect sizes, the differences in the SF-36 physical functioning scores between the no mild and moderate, and the no/mild and severe shortening cohorts can be expressed as an effect size of 0.40 and 0.75, respectively. Cohen defined effect sizes as small (0.2), medium (0.5) and large (0.8). 30 Because function was assessed by two validated and reliable functional outcome instruments and shortening was evaluated by several surgeons supported by an independent quantitative assessment, it seems likely that the observed effect of decreasing function with increasing femoral neck shortening is real. The patients' baseline pre-injury assessment indicated that all the subgroups were functionally similar: selection bias, therefore, appears to have been limited. Furthermore, the similarity in SF-36 general health subscores, as well as the EQ-5D selfrated general health scores between patients with different degrees of shortening make it unlikely that functional outcome scores were strongly influenced by comorbidities.
We are unsure whether the changes in the abductor moment arm due to shortening of the femoral neck are wholly responsible for the differences in physical function that we have seen, but it appears to be part of the reason for the observed decline in function with increasing shortening. Another possible explanation for the decline in physical function might be local irritation due to backing out of the screws, although this was not a significant predictor (p = 0.59) of the SF-36 physical functioning score when evaluated in a multivariate regression model. A further possibility is that malalignment between the femoral head and the acetabulum may impair function if a nonanatomical reduction of the fracture is achieved. Although, grossly, the hip joint is a congruent ball and socket joint, it has been pointed out by Garden 20 that this congruency is not exact, and failure to restore the appropriate relationship between the head and the acetabulum might have a negative effect on outcome. The amount of shortening of the neck observed in our study confirms that of previous investigations. In a roentgenstereophotogrammetric analysis (RSA) of 16 femoral neck fractures treated with two cannulated screws, Ragnarsson et al 32 found a mean shortening of the neck of 13 mm in nine healed fractures which had initially been displaced. Necrosis of the head developed in three of these. Overall, they found that fractures healed if they became stable within six months, but those with continued micromovement and shortening for nine to 12 months were prone to develop osteonecrosis; no fracture with continued micromovement beyond 12 months healed. Molnar and Routt 33 recently suggested that fractures of the femoral neck should be anatomically reduced through a modified Smith-Petersen approach, and fixed with a plate directly applied across the fracture site at the neck. This would prevent femoral neck shortening and is, in our opinion, a concept worth considering. We believe that a potential solution to prevent the functional impairment that occurs with shortening might be to use a lateral side plate that allows the insertion of multiple non-parallel lag screws into the head. These could be then locked into the plate, which would be fixed to the shaft with a few screws. The fracture could be compressed during screw insertion, Graph showing the point estimates (dots) and associated 95% confidence intervals (bars) for the three main scores that relate to physical function (SF-36 physical functioning (PF), SF-36 physical component summary score (PCS) and the EQ-5D index summary score) between the three different shortening subgroups: no/mild (< 5 mm), moderate (5 mm to 10 mm), and severe (≥ 10 mm). * Note the strong statistical significance for the SF-36 PF scores, which is also present for each subgroup comparison. Differences in EQ-5D index scores are also statistically significant (p < 0.05) except for the comparison of no/mild to moderate shortening. ** There is no overall statistical significance for the SF-36 PCS score; however, single group comparisons for no/mild shortening with the other groups are significant (no/mild vs moderate: p = 0.05 and no/mild vs severe: p = 0.02).
thereby stimulating healing, but preventing neck shortening and possibly also varus collapse due to the non-parallel and locked nature of the screws.
Varus collapse was less common in our study than shortening (39% vs 66%) and had a similar, but smaller and statistically non-significant effect on physical functioning. Although there Extremely: 0/4 (0) Extremely: 1/17 (6) was clearly a high correlation suggesting an interaction between the two (correlation coefficient 0.66), regression analysis showed shortening to be the single largest predictor of the SF-36 physical functioning score. The present study has several strengths. We used two reliable and highly validated outcome instruments (SF-36 and EQ-5D) to assess functional outcome. [21] [22] [23] [24] [25] [26] [27] [28] [29] Our eligibility criteria were comprehensive and excluded all but isolated fractures in patients able to walk. Although this limited the number available, our sample size was sufficiently large to detect clinically relevant differences in the primary outcome measure. Femoral neck shortening and varus collapse were assessed by several surgeons and resulted in a high degree of inter-observer reliability. Shortening was also measured quantitatively using a method that has demonstrated a high intra-observer reliability.
However, despite high intra-observer agreement, the measurements of shortening may be affected by differences in rotation between the control and follow-up radiographs. The quantitative radiographic measurements should therefore only be regarded as adjunct data points to the surgeons' assessment of shortening. Further limitations of this study relate to its retrospective nature and include possible selection bias and limited follow-up.
Our findings have substantial clinical relevance. Whereas fracture healing after multiple screw fixation of intracapsular fractures of the hip has been thought to constitute successful treatment, our findings imply that these criteria are insufficiently stringent. Fractures that heal in a shortened position do not necessarily result in satisfactory function. The concept of 'sliding' afforded by multiple parallel screws is possibly weighted too heavily on the side of the biology of the fracture at the expense of its mechanics.
We found that a large proportion of intracapsular fractures of the hip fixed with cancellous screws heal in a shortened position (66%), with collapse into varus (39%). This has a negative effect on function. Shortening of the femoral neck was the single largest factor adversely affecting the SF-36 physical functioning score. Healing of an intracapsular fracture after internal fixation with multiple parallel screws should not be regarded as a success without assessment of the patient's functional outcome.
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